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over 10 min) significantly worsened the ST segment elevation in 22 of 24 patients. A signal-averaged ECG 15 revealed a positive late potential (root mean square voltage of the last 40 ms <20 V) in 10 of 33 patients.
Electrophysiologic Testing
All patients underwent an electrophysiologic study (EPS) because they had: (1) syncope/presyncope or an aborted sudden death; (2) a spontaneous type 1 ECG pattern; or (3) a positive pilsicainide test and/or a positive late potential. All patients gave informed consent for participation in the study, which was approved by the Clinical Research Committee of Nihon University Hospital. All patients were studied in the fasting, drug-free state, and were sedated with midazolam and fentanyl, and programmed electrical stimulation was performed according to the conventional technique of intracardiac recording and stimulation. 16 One quadripolar and 1 octapolar catheter were inserted percutaneously through the right femoral vein and advanced under fluoroscopic guidance, initially into the right atrial appendage and into the His-bundle region, respectively. One steerable catheter was inserted through the left femoral vein and advanced to the right ventricular apex. An EPS included the basal measurement of the conduction interval and PVS. The protocol specified 2 ventricular stimulation sites (right ventricular apex and outflow tract), 2 basic cycle length (600 and 400 ms), and up to 2 ventricular premature beats (first, S2 down to the effective refractory period and second, S3 down to a minimum of 190 ms). Single premature ventricular stimulation was performed first from the right ventricular apex and then from the outflow tract. If sustained ventricular tachycardias were not induced with single premature stimulation, double ventricular stimuli were performed first from the right ventricular apex and then from the outflow tract. VF was considered inducible if sustained ventricular arrhythmia (VF, polymorphic ventricular tachycardia, or monomorphic ventricular tachycardia lasting >30 s or requiring emergency intervention) was induced.
Statistical Analysis
Data are shown as mean ± SD unless otherwise indicated. The clinical characteristics, ECG characteristics, and EPS data were compared on the inducibility of VF. StatView Version 5.0 (SAS Institute Inc) software was used for statistical analysis. A Student's unpaired t-test was used to analyze the differences in unpaired data. The chi-square test was used to analyze the differences in categorical variables. A probability value of <0.05 was considered to be statistically significant.
Results

PVS
The EPS data are shown in Table 2 . VF was induced in the majority of patients (n=27, 79%). All VFs were induced by double premature stimuli, and VF was induced from the right ventricular apex in 5 patients and from the right ventricular outflow tract in 22 patients. VF was induced in 10 of the 11 symptomatic patients (91%) and in 17 of the 23 asymptomatic patients (74%, p=0.25, 
Treatment and Clinical Follow up
All patients with a history of cardiac arrest, and those with syncope, as well as those with no clinical event but with inducible arrhythmia and/or a family history of sudden cardiac arrest were offered an ICD. The ICD was refused by 16 patients (patients 1-4, 6, 8, 9, 10-14, 18, 19, 30, 33, 34) . These 16 patients were followed-up with (n=7) or without (n=9) antiarrhythmic drugs. During the mean follow-up period of 47.1±33.7 months (48.0±35.1 months for patients with inducible VF vs 43.3±28.8 months for patients with non-inducible VF), 1 patient (patient 1) with asymptomatic, inducible VF and a family history of sudden cardiac arrest died suddenly. However, none of the 11 patients in whom an ICD was implanted experienced adequate ICD discharge due to spontaneous ventricular arrhythmia.
Discussion
The aim of this study was to evaluate the clinical, electrocardiographic, and electrophysiologic parameters for predicting inducibility of ventricular tachyarrhythmia in patients with Brugada-type ECG.
Clinical Characteristics for Inducibility of VF
In our small single-center cohort, a family history of sudden cardiac arrest, symptoms (syncope and aborted sudden cardiac death), and sex did not predict the inducibility of VF by PVS. Previous studies conducted by the Brugada group showed that VF was more frequently induced in symptomatic patients and in males. 5, 6, 8, 10 However, Eckerdt et al and Gasparini et al reported that the inducibility of ventricular arrhythmia in patients with Brugada syndrome did not correlate with their clinical presentation. 11, 12 Electrocardiographic Characteristics and Inducibility of VF In our study, the 12-lead ECG pattern did not predict the inducibility of VF by PVS. Previous studies have shown that VF was more frequently inducible in patients with a spontaneously abnormal ECG, a prolonged QRS duration, and a right bundle branch block. 6, 8, 17, 21 The ECG pattern in patients with Brugada syndrome has been shown to normalize, but only momentarily and transiently during follow up. 18 Thus, repeated ECG recordings might be necessary to identify a spontaneous ECG abnormality in patients with Brugada syndrome. In this study, the presence of late potentials by signal-averaged ECG did not predict the inducibility of VF by PVS. Previous studies have shown that VF was more frequently inducible in patients with a positive late potential. 17, 19, 20, 21 Like the ECG pattern in patients with Brugada syndrome, late potentials have also been shown to normalize transiently during follow up. 19 Thus, repeated signal-averaged ECG recordings might be necessary to identify positive late potentials in patients with Brugada syndrome.
Electrophysiologic Characteristics for Inducibility of VF
In our study, the 12-lead ECG pattern did not predict the inducibility of VF by PVS. However, patients with inducible VF had significantly longer HV intervals than those without inducible VF. Previous studies have also shown this. 8, 10, 21 VF was induced from the right ventricular apex by double extrastimuli in 6 patients (21.4%) and from the right ventricular outflow tract in 22 patients (78.6%). We performed PVS from the right ventricular apex first, and if VF was then induced, we did not perform PVS from the right ventricular outflow tract; thus, precise inducibility of VF from the right ventricular outflow tract could not be determined. In previously reported studies, VF was induced from the right ventricular outflow tract in 17 of 17 patients (100%) with inducible VF, but VF was induced in 2 patients from the right ventricular apex (11.8%) and in none from the left ventricle. 22, 23 The morphology of premature ventricular contractions induced by administration of a class Ic antiarrhythmic drug has been shown to be a mainly left bundle branch block with an inferior or normal axis. 24, 25 Thus, the increased inducibility of VF from the right ventricular outflow tract might be related to the pathophysiological importance of the right ventricular outflow tract in patients with Brugada syndrome. [25] [26] [27] 
Prognosis
In the present study, an asymptomatic patient with a family history of sudden cardiac arrest who refused an ICD died suddenly during the follow-up period (patient 1). However, the other 33 patients were free of symptoms during the mean follow-up period of 47.1±33.7 months. Brugada et al reported that inducible VF in individuals with Brugada syndrome is a marker of poor prognosis. 5, 6, 8, 10 However, other groups have shown that inducibility of ventricular arrhythmias failed to predict spontaneous VF. 7, 9, 12, 21 Thus, the prognostic value of inducibility of ventricular arrhythmias in patients with Brugada syndrome remains controversial. The discrepant data might be related to the stimulation protocols; the studies were all multicenter studies. Gaspani et al and Eckardt et al showed that the stimulation protocol markedly influenced the inducibility of ventricular tachyarrhythmias in patients with Brugada syndrome. 11, 12 In this study, we used a ventricular stimulation protocol of 2 basic cycle lengths of 600 and 400 ms from the right ventricular apex and right ventricular outflow tract and up to 2 extrastimuli (S2 down to an effective refractory period and S3 down to a minimum of 190 ms). Our results were consistent with those of studies in which the inducibility of ventricular arrhythmias failed to predict spontaneous VF. 7, 9, 12, 21 In this study, none of the 9 symptomatic patients developed new arrhythmic events during the follow-up period of 47.1± 33.7 months. Previous studies showed that the new arrhythmic event rate was 16 and 19% during follow-up periods of 31±41 and 23±36 months, respectively, 6,10 and 2.5 times higher that the event rate for asymptomatic patients. 8 Thus, new arrhythmic events in symptomatic patients excluding aborted sudden death needs further investigation in Japanese patients.
Limitations
Our patient population was small, but a single-center study involving an EPS protocol is of paramount importance in patients with Brugada syndrome. Although the mean follow up of 47.1±33.7 months was longer than that in recent studies reported by Brugada et al 6, 8 and Priori et al, 7 it is still too short to draw final conclusions regarding the management of individuals with Brugada syndrome. In addition, our follow-up periods varied, with some being relatively short. It is conceivable that outcomes would worsen as follow-up lengthens. Only with a larger number of patients and a longer follow-up period would we be able to clarify the long-term prognosis of individuals with assumed Brugada syndrome. Because of the very low number of events (1 sudden cardiac death) during the follow-up period, our statistical analysis of survival lacked power.
Conclusion
We showed that the inducibility of ventricular arrhythmia was high in patients with Brugada syndrome, and that it does not correlate with their clinical presentation, and longer HV interval was the only parameter for induction of VF. Our data suggest that the EPS-induced VF does not predict arrhythmic events during follow up.
